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(54) Transmission power control system and method in code division multiple access system 



(57) A transmission power control system in code 
division multiple access (CDMA) system, which makes 
possible to control an aimed SIR, which is compared 
with a measured SIR for the transmission power control, 
in order to maintain ail channels to be an optimum com- 
munication quality even when there is a difference in 
communication quality in each channel in a multi-code 
transmission, is realized. The transmission power con- 
trol system comprises at least one base station and a 
base station control apparatus. The base station meas- 
ures the signal to interference ratio (SIR) of a received 
signal corresponding to each of a plurality of channels 



established between the base station and a mobile sta- 
tion, and determines a bit pattern for transmission 
power control for each of groups specified to the plural- 
ity of channels on the basis of the aimed SIR and the 
measured SIR. The base station control apparatus 
determines the aimed SIR on the basis of data giving 
groups specified to the plurality of channels and the 
communication quality corresponding to each of the 
channels, and instructs the aimed SIR to the base sta- 
tion. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Technical field of the invention 

[0001] The present invention relates to a transmission 
power control system and a transmission power control 
method in code division multiple access system. 

2. Description of the Related Art 

[0002] In the technical field of mobile communication, 
the code division multiple access (CDMA) system 
attracts attention as a technique for effectively utilizing a 
frequency band. A base station of the CDMA system 
needs a very large processing gain for receiving a 
desired radio signal transmitted from a mobile station 
locating at a far from the base station, and for eliminat- 
ing an undesired radio signal, which interferes with 
receiving the desired radio signal, transmitted from a 
mobile station locating at a near from the base station. 
[0003] For solving this problem on distance, there is a 
transmission power control (TPC) method. In this 
method, transmission power of each mobile station is 
controlled so that a base station receives the same level 
of power from any mobile station which is locating any- 
where in a service area. 

[0004] As a technique in relation to this transmission 
power control in mobile communication, Japanese Pat- 
ent Application Laid-open No. 125604/1996 discloses a 
transmission power control method in which it is judged 
whether a signal to interference ratio (SIR: the ratio of 
the received power of a desired signal to the received 
power of an interference signal) calculated in a base 
station is larger than a predetermined SIR or not, trans- 
mission power control bits as a result of the judgement 
is spread in spectrum into a signal of a transmission 
power control channel, and the signal of the transmis- 
sion power control channel is transmitted in parallel with 
a signal of a communication channel. In addition, Japa- 
nese Patent Application Laid-open No. 327073/1997 
discloses a method of arranging and transmitting pilot 
channels for effectively allocating a pilot channel to for- 
ward radio channels, which are time division multi- 
plexed, and further for reducing the power of a pilot 
channel interfering to another cell. 
[0005] In parallel with the above disclosed techniques, 
a technique of a transmission power control method is 
disclosed in "1997 General Meeting Convention Record 
of the Institute of Electronics, Information and Commu- 
nication Engineers, Communication 1, B-5-81" (herein- 
after called prior art). 

[0006] A high-speed closed loop control system dis- 
closed in the prior art is shown in Fig. 12. A transmis- 
sion power control method according to this system 
concerns a forward link but a similar control method is 
also applied to a reverse link. 



[0007] Fig. 1 2 shows a state that a mobile station 901 
establishes communication channels by six connections 
(multiconnection) at the same time between the mobile 
station 901 and a base station 902 to perform a multi- 
5 code transmission. Such a multi-code transmission is 
applied in case of performing a simultaneous transmis- 
sion of a voice and data, a high-speed data transmis- 
sion with parallel connections, or the like. An individual 
spread code is assigned to each of the connections. 
10 [0008] This system comprises the mobile station 901 , 
base station 902 and base station control apparatus 
903. Communication channels corresponding to the 
multi-connection between the mobile station 901 and 
base station 902 are established between the base sta- 
ts tion 902 and a base station control apparatus 903. The 
base station 902 comprises an amplification part 904 
and modem cards MCs (MC1 to MC6 are shown in Fig. 
12) corresponding to the respective connections (the 
number of connections is six in Fig. 12). The base sta- 
20 tion control apparatus 903 comprises diversity hand- 
over trunks (DHT1 to DHT6 are shown in Fig. 12) corre- 
sponding to the connections, a quality measurement 
part 907 and an aimed-SIR determination part 908. 
[0009] The modem cards (MC1 to MC6) of the base 
25 station 902 have functions of performing transmission 
and reception of radio signals between the base station 
902 and the mobile station 901 corresponding to the 
respective connections, and each comprises a recep- 
tion part and a transmission part of the signals accord- 
30 ing to CDMA system of the prior art. 

[0010] In this reception part of each modem card, the 
signal to interference ratio (SIR) is measured in 
received signals (measured SIR), and it is compared 
with an aimed SIR which has been predetermined sep- 
35 arately. With the result of the comparison, a TPC (trans- 
mission power control) bit pattern for controlling the 
transmission power is determined which pattern is to be 
transmitted to the mobile station 901 in addition to a for- 
ward link signal transmitted from the corresponding 
40 transmission part. For example, when the measured 
SIR is smaller than the aimed SIR, a request for 
increasing the reverse transmission power is given to 
the mobile station 901 with the TPC bits. Conversely, 
when the measured SIR is larger than the aimed SIR, a 
45 request for decreasing the reverse transmission power 
is given to the mobile station 901 with the TPC bits. 
[001 1] The minimum value of the SIR, which is neces- 
sary to meet a predetermined communication quality, is 
used as the aimed SIR in the high-speed closed loop 
so control. The communication quality is determined on 
the basis of the frame error rate (FER) in contents of 
data of received reverse signals. For some reasons 
such as a fluctuation of propagation characteristics of 
radio signals, there is a case that the predetermined 
55 communication quality is not attained even when the 
measured SIR obtained from a measurement level of 
received signals meets the aimed SIR. In contrast with 
this, when the measured SIR does not reach the aimed 
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SIR, there is a case that the predetermined communica- 
tion quality is obtained, 

[0012] For this reason, in consideration of a situation 
that the mobile station 901 is also in communication 
with another base station (not shown) by soft hand-over 5 
or the like, the base station control apparatus 903 car- 
ries out site diversity synthesis of received signals with 
the other base station corresponding to respective con- 
nections by the diversity hand-over trunks (DHT1 to 
DHT6). Further, the base station control apparatus 903 w 
takes in the received signals after the diversity synthesis 
to the quality measurement part 907, where the com- 
munication quality is measured. The aimed SIR deter- 
mination part 908 controls to predetermine the aimed 
SIR at regular intervals on the basis of the measured is 
communication quality. For example, the aimed SIR is 
increased when the communication quality deteriorates 
to be less than a predetermined value, and the aimed 
SIR is decreased when the communication quality is 
superior to the predetermined value, so that it is control- 20 
led to obtain the predetermined communication quality. 
[0013] Besides, in the base station control apparatus 
903, the control of the aimed SIR is performed in con- 
sideration of all connections corresponding to the 
mobile station 901 because the relation between the 25 
channels corresponding to the connections established 
when the respective connections of the multi-connec- 
tion are established and the mobile station 901 using 
them is under control of a central processing unit (not 
shown). A common aimed SIR regulated for all of those 30 
connections is sent to the modem cards (MC1 to MC6) 
of the base station 902. 

[001 4] A conventional transmission power control in a 
multi-connection is based on an instruction from the 
base station control apparatus 903 on the assumption 35 
that the communication qualities in all connections con- 
stituting the multi-connection are the same. That is, as 
shown in Fig. 13, pilot bits to add to a forward transmis- 
sion signal and TPC bits (pilot + TPC bits are shown in 
Fig. 13) are determined on the basis of a measurement 40 
result of SIR by the modem card MC1 , and added to the 
transmission signal of the corresponding first connec- 
tion. The pilot bits are used in a frame synchronism 
establishment process. 

[0015] In this manner, by making the pilot + TPC bits 45 
common to all connections, it becomes possible to set a 
large transmission power of the pilot + TPC bits per con- 
nection as shown in Fig. 14. As a result, in control of 
each connection, accuracy in transmission power con- 
trol or accuracy in channel estimation with the pilot bits so 
can be improved. Besides, since the transmission 
power of the common pilot + TPC bits can be set to be 
smaller than the other bits of the signal in which the con- 
nections are synthesized, the interference power to 
other mobile station can be reduced. ss 
[001 6] In the conventional control of the aimed SIR in 
this multi-connection transmission, however, there are 
the following problems. 



[0017] Because a common value as the aimed SIR set 
for the modem cards is used for all connections, there is 
a difference in the communication qualities of received 
signals of the connections measured in the quality 
measurement part 907, the aimed SIR determination 
part 908 becomes hard to determine an aimed SIR in 
order that all connections are of a predetermined com- 
munication quality. For example, when the aimed SIR is 
increased on the basis of the connection of the worst 
communication quality, the other connections have 
excessive reverse transmission powers so the interfer- 
ence power to other mobile station increases. In con- 
trast with this, when the aimed SIR is decreased on the 
basis of the connection of the best communication qual- 
ity, the other connections are of less than the predeter- 
mined communication quality. Further, a similar problem 
arises even when the aimed SIR is controlled on the 
basis of the mean communication quality of all connec- 
tions. 

SUMMARY OF THE INVENTION 

[0018] It is an object of the present invention to pro- 
vide a transmission power control system and a trans- 
mission power control method in code division multiple 
access system capable of controlling the aimed SIR in 
order to maintain all channels to be an optimum com- 
munication quality even when there is a difference in 
communication quality in each channels in case that a 
mobile station performs a multi-code transmission. 
[001 9] For solving the above problems, a transmission 
power control system in code division multiple access 
system according to the present invention comprises 
the following base station and the base station control 
apparatus. 

[0020] The base station measures the signal to inter- 
ference ratio (SIR) of a received signal corresponding to 
each of a plurality of channels established between the 
base station and a mobile station, and determines a bit 
pattern for transmission power control for each of 
groups specified to the plurality of channels on the basis 
of an aimed SIR and the measured SIR. The base sta- 
tion control apparatus determines the aimed SIR on the 
basis of data giving groups specified to the plurality of 
channels and the communication quality corresponding 
to each of the channels, and instructs the aimed SIR to 
the base station. 

[0021] The specified groups are determined on the 
basis of the communication quality corresponding to 
each of the channels. The bit pattern is determined in 
response to a bit pattern addition command, which is 
instructed by the base station control apparatus, giving 
a channel number to add the bit pattern in a plurality of 
channels established between the base station and a 
mobile station. 

[0022] The base station control apparatus performs a 
diversity synthesis process corresponding to each of 
the channels for measuring the communication quality 
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of each of the channels, and outputs the bit pattern 
addition command giving a channel number to add the 
bit pattern, and the aimed SIR determined on the basis 
of group specification data, which have been deter- 
mined by the communication quality corresponding to 5 
each of the channels, giving the specified groups. 
[0023] The base station further comprises a modem 
card part for calculating the measured SIR correspond- 
ing to each of the channels, and determining the bit pat- 
tern on the basis of the measured SIR and the aimed 10 
SIR in response to the bit pattern addition command. 
The modem card part further comprises a pattern deter- 
mination part and a frame generation part. 
[0024] The pattern determination part determines the 
bit pattern on the basis of the measured SIR and the 15 
aimed SIR in response to the bit pattern addition com- 
mand; and the frame generation part adds the deter- 
mined bit pattern, pilot bits for frame synchronism 
establishment process, and the channel number given 
by the bit pattern addition command to data bits. 20 
[0025] Also, the base station control apparatus further 
comprises a diversity hand-over trunk part, a quality 
measurement part, a group setting part and an aimed 
SIR determination part. 

[0026] The diversity hand-over trunk part correspond- 25 
ing to each of the channels carries out the diversity syn- 
thesis process corresponding to each of the channels, 
and outputs diversity synthesis data; the quality meas- 
urement part measures and outputs communication 
quality data giving the communication quality corre- 30 
sponding to each of the channels in response to the 
diversity synthesis data; the group setting part deter- 
mines and outputs the group specification data and the 
bit pattern addition command in response to the aimed 
SIR and the communication quality data; and the aimed 35 
SIR determination part determines the aimed SIR in 
response to the communication quality data and the 
group specification data. 

[0027] The group setting part further comprises group 
combination means for combining two groups arbitrarily 40 
selected from among the specified groups when the 
absolute value of the difference between the aimed 
SIRs of the two groups is less than a predetermined first 
threshold value; and group division means for calculat- 
ing a mean value from values of the communication 45 
quality data in the specified groups, and dividing the 
channels giving the communication quality data from 
the channels into a newly set group when the absolute 
value of the difference between the values of the com- 
munication quality data in the specified groups and the so 
mean value is more than a predetermined second 
threshold value. 

[0028] In another aspect, the group setting part further 
comprises group combination means for combining two 
groups arbitrarily selected from among the specified 55 
groups when the absolute value of the difference 
between the aimed SIRs of the two groups is less than 
a predetermined first threshold value; and group divi- 



sion means for calculating a mean value from the maxi- 
mum value and minimum value of the communication 
quality data in the specified groups, and dividing the 
channels giving the communication quality data higher 
than the mean value from the channels into a newly set 
group when the difference between the maximum value 
and the minimum value is more than a predetermined 
third threshold value. 

[0029] As for a transmission power control method in 
code division multiple access system, the method com- 
prises: 

(A) measuring a signal to interference ratio (SIR) of 
a received signal, at a base station, corresponding 
to each of a plurality of channels established 
between at least one base station and a mobile sta- 
tion; 

(B) generating, at a base station control apparatus, 
a bit pattern addition command giving a channel 
number to add a bit pattern for transmission power 
control to each of the specified groups to the chan- 
nels, and an aimed SIR being set every group 
based on group specification data showing the 
specified groups; and 

(C) determining, at the base station, the bit pattern 
on the basis of the aimed SIR and the measured 
SIR in response to the bit pattern addition com- 
mand. 

[0030] The step (B) above comprises: carrying out a 
diversity synthesis process, and outputting diversity 
synthesis data; generating communication quality data 
giving the communication qualities corresponding to the 
channels in response to the diversity synthesis data; 
outputting the group specification data and the bit pat- 
tern addition command in response to the aimed SIR 
and the communication quality data; and determining 
the aimed SIR corresponding to the specified groups in 
response to the communication quality data and the 
group specification data. 

[0031] The step of outputting the group specification 
data and the bit pattern addition command above com- 
prising: 

combining two groups arbitrarily selected from 
among the specified groups when the absolute 
value of the difference between the aimed SIRs of 
the two groups is less than a predetermined first 
threshold value; and 

calculating a mean value from values of the com- 
munication quality data in the specified groups, and 
dividing the channels giving the communication 
quality data from the channels into a newly set 
group when the absolute value of the difference 
between the values of the communication quality 
data in the specified groups and the mean value is 
more than a predetermined second threshold 
value. 
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[0032] In another aspect, the step of outputting the 
group specification data and the bit pattern addition 
command above comprising: 



[0033] The step (C) above comprises: determining the 
bit pattern on the basis of the measured SIR and the 
aimed SIR in response to the bit pattern addition com- 
mand; and adding the determined bit pattern, pilot bits 
for frame synchronism establishment process, and the 
channel number in response to the determined bit pat- 
tern and the channel number. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] 

Fig. 1 is a block diagram illustrating a transmission 
power control system in CDMA system according to 
the first embodiment of the present invention. 
Fig, 2 is a block diagram illustrating the internal con- 
struction of a modem card according to the first 
embodiment of the present invention. 
Fig. 3 is a block diagram for explaining the transmis- 
sion power control system in CDMA system accord- 
ing to the first embodiment of the present invention. 
Fig. 4 is a block diagram illustrating connections in 
a diversity hand-over trunk part according to the 
first embodiment of the present invention. 
Fig. 5 is a flowchart for explaining a part of opera- 
tions of the transmission power control system in 
CDMA system according to the first embodiment of 
the present invention. 

Fig. 6 is a flowchart for explaining a part of opera- 
tions of the transmission power control system in 
CDMA system according to the first embodiment of 
the present invention. 

Fig. 7 shows a frame format of the transmission sig- 
nal for explaining frame generation of a transmis- 
sion signal to add TPC bits. 
Fig. 8 shows an example of the setting preparation 
table included in the group setting part. 
Fig. 9 is a chart for explaining frame generation of a 
transmission signal corresponding to each of a plu- 
rality of channels. 



Fig. 10 is a flowchart for explaining a part of opera- 
tions of a transmission power control system in 
CDMA system according to the second embodi- 
ment of the present invention. 
Fig. 1 1 is a flowchart for explaining a part of opera- 
tions of the transmission power control system in 
CDMA system according to the second embodi- 
ment of the present invention. 
Fig. 12 is a block diagram illustrating a conventional 
transmission power control system. 
Fig. 13 is a chart for explaining frame generation of 
a transmission signal corresponding to each of a 
plurality of channels in the conventional transmis- 
sion power control system. 

Fig. 14 is a chart for explaining frame generation of 
a transmission signal corresponding to each of a 
plurality of channels in the conventional transmis- 
sion power control system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] Next, the preferred embodiments of transmis- 
sion power control system and transmission power con- 
trol method in code division multiple access system 
according to the present invention will be described in 
detail with reference to the accompanying drawings. 
[0036] Fig. 1 shows a transmission power control sys- 
tem in code division multiple access (hereinafter called 
CDMA) system according to the first embodiment of the 
present invention. This system comprises a mobile sta- 
tion 101, a base station 102 and a base station control 
apparatus 1 03. 

[0037] Referring to Fig. 1 , a communication connec- 
tion by a plurality of channels 115 (the number of chan- 
nels is six in Fig. 1) between the mobile station 101 and 
at least one base station (only the base station 102 is 
shown in Fig. 1) is established. The channels 115 are 
given the corresponding channel numbers (not shown in 
Fig. 1 ), respectively. The mobile station 1 01 assigns an 
individual spread code to each of the channels 115, per- 
forms a code spread modulation to a signal to be trans- 
mitted, and then transmits the modulated signal to the 
base station 102 (hereinafter called multi-code trans- 
mission). 

[0038] The base station 102 comprises an amplifica- 
tion part 1 04 and a modem card part (modem/pattern 
determination means) 105. The amplification part 104 
amplifies a received signaf (not shown in Fig. 1 ) from 
the mobile station 101 corresponding to each of the 
channels 115 to output an amplification signal (an 
amplification signal group 116 is shown in Fig. 1). The 
modem card part 105 comprises modem cards 
(modem/pattern determination means: mc1 to mc6 are 
shown in Fig. 1) corresponding to the respective chan- 
nels 1 1 5, and performs a code spread demodulation of 
the amplification signal from the amplification part 104 
with the individual spread code assigned to the corre- 



combining two groups arbitrarily selected from s 
among the specified groups when the absolute 
value of the difference between the aimed SIRs of 
the two groups is less than a predetermined first 
threshold value; and 

calculating a mean value from the maximum value w 
and minimum value of the communication quality 
data in the specified groups, and dividing the chan- 
nels giving the communication quality data higher 
than the mean value from the channels into a newly 
set group when the difference between the maxi- 15 
mum value and the minimum value is more than a 
predetermined third threshold value. 
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sponding channel to output a demodulated amplification 
signal (a demodulated amplification signal group 1 17 is 
shown in Fig. 1). 

[0039] The modem card part 105 measures the signal 
to interference ratio (SIR) corresponding to each of the 5 
channels 115 from the demodulated amplification signal 
(measured SIR: not shown in Fig. 1). 
[0040] Furthermore, the modem card part 105 deter- 
mines a bit pattern for transmission power control corre- 
sponding to each in a group (channel group) specified in w 
a manner described later to the channels 115, on the 
basis of the measured SIR and an aimed SIR (an aimed 
SIR group 119 is shown in Fig. 1) from an aimed SIR 
determination part 111, in response to a bit pattern 
addition command (a bit pattern addition command 15 
group 1 18 is shown in Fig. 1) from a group setting part 
1 08 described later. 

[0041] Fig. 2 is a block diagram showing the internal 
construction of each modem card of the modem card 
part 105. This drawing shows the modem card md but 20 
the other modem cards have the same construction. 
Referring to Fig. 2, the modem card md comprises a 
transmission part 133 and a reception part 131. 
[0042] The reception part 1 31 comprises a demodula- 
tion part 135 and a reverse channel SIR measurement 25 
part 137. The demodulation part 135 performs a code 
spread demodulation of an amplification signal from the 
amplification part 104 with the spread code assigned to 
the channel corresponding to the modem card md to 
output a demodulated amplification signal. The reverse 30 
channel SIR measurement part 137 calculates a meas- 
ured SIR 139 in the channel corresponding to the 
modem card md from the demodulated amplification 
signal. The measured SIR 139 is used when a TPC 
(transmission power control) bit pattern is determined in 35 
a high-speed closed loop power control in a reverse 
channel. 

[0043] The transmission part 133 comprises a modu- 
lation part 141, a pattern determination part 143 and a 
frame generation part 145. The pattern determination 40 
part 143 determines a bit pattern for transmission power 
control on the basis of the measured SIR 139 and an 
aimed SIR from the aimed SIR determination part 111 
in response to a bit pattern addition command from the 
group setting part 108. In response to the bit pattern 45 
determined in the pattern determination part 143 and a 
channel number given by the bit pattern addition com- 
mand, the frame generation part 145 adds the deter- 
mined bit pattern, pilot bits for a frame synchronism 
establishment process, and the channel number to data 50 
bits to be transmitted. 

[0044] Referring to Figs. 1 and 2, the base station 102 
calculates a measured SIR in response to a received 
signal corresponding to each of the channels from the 
mobile station 101 . Besides, the base station 102 deter- 55 
mines a bit pattern for transmission power control corre- 
sponding to each in a group specified to the channels, 
on the basis of the aimed SIR and measured SIR in 



response to a bit pattern addition command from the 
base station control apparatus 103. 
[0045] Referring next to Fig. 1 , the base station control 
apparatus 103 comprises a diversity hand-over trunk 
part 106, a quality measurement part 107, a group set- 
ting part 1 08, and an aimed SIR determination part 111. 
[0046] The diversity hand-over trunk part 1 06 includes 
diversity hand-over trunks (diversity synthesis means: 
dhtl to dht6 are shown in Fig. 1) corresponding to the 
respective channels 115. In response to the respective 
amplification signals demodulated in the base station 
102, the diversity hand-over trunk part 106 carries out 
diversity synthesis processes corresponding to the 
channels i 1 5 to output diversity synthesis data (a diver- 
sity synthesis data group 120 is shown in Fig. 1). 
[0047] The diversity synthesis in this case means a 
site-diversity in which signals received by a plurality of 
base stations are diversity-synthesized when communi- 
cation paths between the mobile station 101 and a plu- 
rality of base stations are established in a soft-hand-off 
process that is a characteristic feature of CDMA sys- 
tem. It is carried out with respect to each of the chan- 
nels 115. 

[0048] In response to the diversity synthesis data, the 
quality measurement part 107 outputs communication 
quality data (a communication quality data group 121 is 
shown in Fig. 1) to give communication qualities corre- 
sponding to the respective channels 115. 
[0049] The group determination part 108 includes 
group combination means 109 and group division 
means 1 10. It outputs group specification data and a bit 
pattern addition command in response to an aimed SIR 
from the aimed SIR determination part 1 1 1 and commu- 
nication quality data from the quality measurement part 
107. The group specification data gives a specified 
group to the channels 1 1 5 on the basis of the aimed SIR 
from the aimed SIR determination part 111 and the 
communication quality data from the quality measure- 
ment part 107. The bit pattern addition command gives 
a channel number to add a bit pattern for transmission 
power control in the channels 115. 
[0050] The aimed SIR determination part 111 deter- 
mines an aimed SIR corresponding to the specified 
group in response to the communication quality data 
from the quality measurement part 107 and the group 
specification data from the group setting part 1 08. 
[0051] That is, the base station control apparatus 103 
carries out a diversity synthesis process corresponding 
to each of the channels 1 1 5 to output a bit pattern addi- 
tion command and an aimed SIR that is determined with 
respect to each group on the basis of the group specifi- 
cation data. In this embodiment, the aimed SIR that the 
group setting part 108 obtains from the aimed SIR 
determination part 1 1 1 is given directly from the aimed 
SIR determination part 111 or indirectly from the 
modem card part 105 or the like. 
[0052] Fig. 1 shows a case that the mobile station 101 
performs the multi-code transmission only to the base 
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station 102. Fig. 3 shows a case that the mobile station 

101 performs hand-over operations between the mobile 
station 101 and three base stations (102-1 to 102-3). 
The construction of each of the three base stations 
(102-1 to 102-3) is the same as that of the base station 5 

1 02 shown in Fig. 1 . 

[0053] Referring to Fig. 3, a communication connec- 
tion by a plurality of channels 115 (the number of them 
is six) between the mobile station 101 and three base 
stations 102-1 to 102-3 is established. The diversity 10 
hand-over trunk part 106 in the base station control 
apparatus 103 operates to output with respect to each 
of the base stations 102-1 to 102-3. It carries out diver- 
sity synthesis processes in response to demodulated 
amplification signals (a demodulated amplification sig- 15 
nal group 117 is shown in Fig. 3). 
[0054] Fig. 4 shows a detail of connections in the 
diversity hand-over trunk part 106 of Fig. 3. The diver- 
sity hand-over trunks dhtl to dht6 respond to demodu- 
lated amplification signals (demodulated amplification 20 
signal groups 117 are shown in Fig. 4) from each of the 
base stations 102-1 to 102-3. The demodulated amplifi- 
cation signals are denoted by the corresponding chan- 
nel numbers, respectively. For example, the diversity 
hand-over trunk dhtl corresponds to "channel 1" in the 25 
channels 115 (the number of them is six). The diversity 
hand-over trunk dhtl carries out a diversity synthesis 
process in response to the demodulated amplification 
signal corresponding to the "channel 1 " from each of the 
base stations 102-1 to 102-3. 30 
[0055] Next, operations of the transmission power 
control system in CDMA system according to the 
present invention will be described with reference to 
Figs. 1 , 2 and 5. The same operations are done also in 
case that the mobile station 101 performs hand-over 35 
operations between it and a plurality of base stations 
(Fig. 3). 

[0056] Referring to Fig. 1, the mobile station 101 per- 
forms a multi-code transmission between it and the 
base station 1 02, In the base station 1 02, the amplifica- 40 
tion part 102 amplifies received signals corresponding 
to the channels 115 (the number of them is six) to output 
amplification signals to the channels 115, respectively. 
The modem card part 105 performs code spread 
demodulation of the amplification signals with spread 45 
codes assigned to the respective channels 1 15, to out- 
put demodulated amplification signals. Further, the 
modem card part 105 calculates measured SIRs from 
the demodulated amplification signals. 
[0057] Next, in the base station control apparatus 1 03, so 
the diversity hand-over trunk part 106 carries out diver- 
sity synthesis processes corresponding to the respec- 
tive channels 115 in response to the demodulated 
amplification signals, to output diversity synthesis data. 
In response to the diversity synthesis data, the quality 55 
measurement part 107 outputs communication quality 
data to give communication qualities (BER (bit error 
rate) or FER (frame error rate)) corresponding to the 



channels 115. FER is applied in this embodiment. The 
group setting part 108 outputs group specification data 
that the channels in the multi-code transmission are 
classified into some groups, and a bit pattern addition 
command for designating the channel to which a bit pat- 
tern should be added, in response to an aimed SIR and 
the communication quality data by the group combina- 
tion process means 109 and group division means 110. 
[0058] An outline of the process in the group setting 
part 108 will be described. On the basis of the commu- 
nication quality data corresponding to the respective 
channels 115 obtained in the quality measurement part 
107, the group setting part 108 specifies channels in 
which relatively the same communication quality is 
measured, as one group. In case that the communica- 
tion qualities of the channels vary widely, a plurality of 
groups is therefore specified. The channel construction 
of each of the specified groups is transmitted to the 
aimed SIR determination part 111 to determine an 
aimed SIR for each group. The aimed SIRs determined 
in the aimed SIR determination part 111 are given to the 
modem cards of the base station 1 02 corresponding to 
the respective channels 115. 

[0059] The group setting part 108 designates a repre- 
sentative channel (the first connection) from among at 
least one channel constituting each group, and sends 
out a bit pattern addition command including designa- 
tion data for the channel to each modem card of the 
base station in order to perform a transmission power 
control to the channel by comparing the measured SIR 
and aimed SIR. 

[0060] By carrying out the above process at regular 
intervals, a transmission power control always coping 
with the variation of the communication quality corre- 
sponding to each of the channels 1 15 is performed. The 
above-described specified group therefore varies its 
channel construction, and the number of groups also 
varies according to conditions. Hereinafter, the process 
of the group setting part 108 will be described in detail 
with reference to Fig. 5 and the drawings following it. 
[0061] Figs. 5 and 6 show flowcharts of processes in 
the group setting part 108. Since the aimed SIR is 
renewed at regular intervals in each specified group, the 
group setting part 108 carries out setting groups on the 
basis of the specified groups and the number Nmax of 
specified groups. That is, the group setting part 108 
stores the aimed SIRs with respect to the specified 
groups on the basis of each group number. Next, the 
group setting part 108 prepares a group setting table 
shown in Fig. 8 in response to the communication qual- 
ity data corresponding to each of the channels 1 1 5 from 
the quality measurement part 107. 
[0062] Referring to Fig. 5, at first, it is examined 
whether the number Nmax of specified groups is plural 
or not (step S201). In the step S201, in case that the 
channels 115 are constituted by a plurality of groups, a 
group combination process (steps S202 to S208) is car- 
ried out, and then a group division process (steps S209 



7 



13 



EP 0 987 833 A2 



14 



to S218) is carried out. In case that the channels are 
constituted by a single group, the group division process 
is carried out. 

[0063] The group combination process is a process 
that is performed when the condition of the previous 
process has changed so that groups can be combined 
into a less number of groups. The group division proc- 
ess is a process that is performed when groups are 
divided more minutely in accordance with a change 
after the condition of the previous process. 
[0064] In the group combination process, at first, a 
group as a base (the group number i = 1) is set (step 
S202), and the aimed SIR of the group 1 is compared 
with the aimed SIRs of the other groups than the group 
1 to judge whether or not there is a group that the differ- 
ence in the absolute value of the aimed SIR is not more 
than a predetermined threshold value R1 (step S203). 
[0065] In the step S203, when it is judged that there is 
a pair of groups that the difference in the absolute value 
of the aimed SIR is not more than the predetermined 
threshold value R1, the channels belonging to the two 
groups are combined into one group (step S204). In the 
step S204, the group number having paired with the 
base group 1 is eliminated to decrease the number 
Nmax of total groups by one (step S205). Further, each 
group number other than the combined pair of groups is 
decreased by one (step S206). 

[0066] Next, the group number i as a base is com- 
pared with the number Nmax of total groups (step 
S207). In the step S207, a group division process is car- 
ried out when the base group number i is equal to the 
number Nmax of total groups. When the base group 
number i is not equal to the number Nmax of total 
groups, the base group number i is increased by one 
(step S208) and then the above steps S203 to S207 are 
repeated. 

[0067] The above group combination process is a 
process that two groups arbitrarily selected from a spec- 
ified groups are combined when the absolute value of 
the difference between the SIRs to aim of the two 
groups is less than a predetermined first threshold 
value. 

[0068] Referring to Fig. 6, in the group division proc- 
ess, at first, a group (the group number m = 1 ) as a base 
is set (step S209), the mean value Fm of the communi- 
cation qualities (FER) corresponding to the respective 
channels belonging to the group 1 is calculated (step 
S210). 

[0069] Next, the communication quality of each chan- 
nel belonging to the group 1 is compared with a value 
that a predetermined threshold value R2 is added to the 
mean value Fm (F1 in this case) calculated in the step 
S210 (step S21 1). In the step S21 1, when the commu- 
nication quality is more than the value that the threshold 
value R2 is added to the mean value F1, the channels 
corresponding to the communication quality are elimi- 
nated from the group 1 and classified into a newly set 
group (step S212). In the step S212, the newly set 



group is given the group number Nmax + 1 . At the same 
time, the number Nmax of total groups is increased by 
one (step S213). 

[0070] In the step S211, when the communication 
5 quality is equal to or less than the value that the prede- 
termined threshold value R2 is added to the mean value 
F1 , a step S214 and steps following it are carried out. 
[0071] Next, the communication quality of each chan- 
nel belonging to the same group 1 is compared with a 
10 value that the predetermined threshold value R2 is sub- 
tracted from the mean value F1 (step S214). In the step 

5214, when the communication quality is less than the 
value that the threshold value R2 is subtracted from the 
mean value F1 , the channels corresponding to the corn- 
is munication quality are eliminated from the group 1 and 

classified into a newly set group (step S215). In the step 

5215, the newly set group is given the group number 
Nmax + 1 . At the same time, the number Nmax of total 
groups is increased by one (step S216). 

20 [0072] In the step S214, when the communication 
quality is equal to or more than the value that the prede- 
termined threshold value R2 is added to the mean value 
F1 , the process of a step S217 is carried out. 
[0073] Next, the group number m as a base is com- 

25 pared with the number Nmax of total groups (step 
S217). In the step S217, when the base group number 
m is equal to the number Nmax of total groups, the 
group division process is completed. 
[0074] When the base group number m is not equal to 

30 the number Nmax of total groups, the base group 
number m is increased by one (step S218) and then the 
above steps S210 to S217 are repeated. 
[0075] In the above group division process, a mean 
value is calculated on the basis of the communication 

35 qualities (communication quality data) in a specified 
group. Next, it is a process that the channels giving the 
communication quality are divided from among a plural- 
ity of channels into a newly set group when the absolute 
value of the difference between the communication 

40 quality corresponding to the specified group and the 
mean value is more than a predetermined second 
threshold value. By carrying out this group division proc- 
ess to all groups, each group is constituted by channels 
that the difference in communication quality after diver- 

45 sity synthesis is little. 

[0076] By the above-described processes by the 
group combination means 109 and group division 
means 110, the group setting part 108 outputs group 
9 specification data for specifying a group to which each 

so of the channels 1 1 5 belongs and the number of groups. 
The group setting part 108 further outputs bit pattern 
addition commands to the modem cards (mc1 to mc6) 
corresponding to the respective channels. The bit pat- 
tern addition command gives a channel number (this 

55 channel is called first connection) to add a TPC bit pat- 
tern and pilot bits to data bits to transmit in each of the 
specified groups. 

[0077] The aimed SIR determination part 1 1 1 deter- 
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mines a new aimed SIR corresponding to each of the 
specified groups in response to the communication 
quality data from the quality measurement part 107 and 
the group specification data from the group setting part 
108. The aimed SIR determination part 111 obtains a 5 
mean communication quality in each of the specified 
groups on the basis of the communication quality data 
and group specification data. Next, it determines a new 
aimed SIR corresponding to each of the specified 
groups in order that the mean communication quality 10 
becomes a desired communication quality. Or, in the 
channels belonging to each of the specified groups, a 
new aimed SIR is determined in order that the commu- 
nication quality of the channel whose communication 
quality is the worst becomes a desired communication 15 
quality. The aimed SIR is output corresponding to each 
of the channels 1 1 5. 

[0078] The reason why the aimed SIR is renewed at 
regular intervals is concerned by a variation of the trans- 
mission characteristic between the mobile station and 20 
base station. There arises a case that the desired com- 
munication quality is not satisfied though the measured 
SIR reaches the aimed SIR. Contrastingly, there arises 
a case that the desired communication quality is satis- 
fied though the measured SIR does not reach the aimed 25 
SIR. The base station, therefore, needs to control the 
aimed SIR at regular intervals in consideration of the 
variation of the transmission characteristic between the 
mobile station and base station. 

[0079] In response to the aimed SIR corresponding to 30 
each of the specified groups, the group setting part 1 08 
prepares a form of group setting table (a state that 
numerical values on communication quality (FER) are 
eliminated from Fig. 8) to be ready for next group-set- 
ting. 35 
[0080] In the modem card part 105 of the base station 
102, each of the modem cards (mc1 to mc6) corre- 
sponding to the respective channels 115 determines a 
TPC bit pattern from the aimed SIR 139 and aimed SIR 
in response to the bit pattern addition command in the 40 
pattern determination part 143. 

[0081] The pattern determination part 143 judges 
whether or not the channel number to add the TPC bits 
contained in the bit pattern addition command is the 
channel number to which the modem card accommo- 45 
dating the pattern determination part 143 itself corre- 
sponds. When the pattern determination part 143 has 
judged that the channel number to add the TPC bits is 
the channel number to which the modem card accom- 
modating the pattern determination part 1 43 itself corre- so 
sponds, it determines TPC bits from the measured SIR 
139 and aimed SIR, and outputs the TPC bits and the 
channel number to add the TPC bits. When the pattern 
determination part 143 has judged that the channel 
number to add the TPC bits is not the channel number 55 
to which the modem card accommodating the pattern 
determination part 143 itself corresponds, it outputs 
only the channel number to add the TPC bits. As the 



TPC bits, for example, a bit pattern is set for requesting 
to increase the reverse transmission power when the 
measured SIR is less than the aimed SIR, and a bit pat- 
tern is set for requesting to decrease the reverse trans- 
mission power when the measured SIR is more than the 
aimed SIR. 

[0082] Next, in response to the TPC bits and channel 
number to add the TPC bits from the pattern determina- 
tion part 143, the frame generation part 145 adds the 
TPC bits, pilot bits for a frame synchronism establish- 
ment process and the channel number to data bits to 
transmit, and outputs it as a transmission signal. Or, in 
response to the TPC bits from the pattern generation 
part 143, the frame generation part 145 adds the TPC 
bits to the data bits to transmit, and outputs it as a trans- 
mission signal. Fig. 7 shows the frame generation in 
each channel. 

[0083] The modulation part 1 41 gives the transmis- 
sion signal a code spread modulation with the spread 
code individually set to the channel corresponding to 
the modem card, and outputs it. 

[0084] The mobile station 101 receives the transmis- 
sion signal from the base station by spread demodula- 
tion with the spread codes individually set to the 
respective channels, and recognizes the TPC bits of the 
channels belonging to each group specified to the chan- 
nels. 

[0085] Next, the first embodiment of the present inven- 
tion will be described in detail with reference to an 
example. Referring to Fig. 1, it is supposed that the 
mobile station 101 performs multi-code transmissions 
through six channels (channel 1 , channel 2 f channel 3, 
channel 4, channel 5 and channel 6 not shown in Fig. 1 ) 
between it and the base station 102. At present, it is 
supposed that the six channels are classified into three 
groups. The constitution of groups is group 1 = {channel 
1 , channel 4 and channel 6}, group 2 = {channel 3}, and 
group 3 = {channel 2 and channel 5). 
[0086] The respective modem cards md to mc6 cor- 
responding to the six channels demodulate amplifica- 
tion signals from the amplification part 104 to output 
demodulated amplification signals. Next, the respective 
diversity hand-over trunks dhtl to dht6 corresponding to 
the six channels carry out diversity synthesis processes 
corresponding to the six channels to output diversity 
synthesis data. 

[0087] The quality measurement part measures com- 
munication qualities in response to the respective diver- 
sity synthesis data corresponding to the six channels, to 
output communication quality data. Also in this exam- 
ple, FER is applied as the communication quality. 
[0088] Fig. 8 shows a setting preparation table for giv- 
ing the communication qualities (FER) corresponding to 
the six channels, respectively, and aimed SIRs at 
present. The group setting part 108 carries out a classi- 
fication to the six channels with the aimed SIRs at 
present and the communication qualities (communica- 
tion quality data). 
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[0089] Referring to Figs. 5, 6 and 8, at first, a group 
combination process is carried out. The aimed SIRs in 
the groups 1 to 3 are compared (step S203). In the step 
S203, because the difference between the aimed SIRs 
of the groups 1 and 2 is 0.2 dB that is less than the 
threshold value R1 (= 0.5 dB as a supposition), the 
groups 1 and 2 are combined (step S204). 
[0090] By the group combination process, the consti- 
tution of groups is renewed to group 1 = {channel 1, 
channel 3, channel 4 and channel 6} and group 2 = 
{channel 2 and channel 5}. 

[0091] Next, for carrying out a group division process, 
a mean value Fm is obtained from the communication 
qualities of the channels belonging to the group 1 or 2 
(step S21 0). Observing first the group 1 , the mean value 
F1 of the channel 1 , channel 3, channel 4 and channel 
6 is F1 = -23.84 dB. Because the communication quality 
of the channel 1 is more than the value that the thresh- 
old value R2 (= 5 dB as a supposition) is subtracted 
from the mean value F1 (step S214), the channel 1 is 
eliminated from the group 1 and classified into a newly 
set group 3 (step S215). By the group division process 
based on the group 1, the constitution of groups is 
renewed to group 1 = {channel 3, channel 4 and chan- 
nel 6}, group 2 = {channel 2 and channel 5} and group 3 
= {channel 1}. Observing next the group 2, the mean 
value F2 of the channel 2 and channel 5 is F2 = -21 .1 1 
dB and there is no channel having FER more than the 
value that the second threshold value R2 is subtracted 
from the mean value F2, so no division process of the 
group 2 is carried out. 

[0092] After classification to the six channels are car- 
ried out by the above method, the group setting part 1 08 
notifies the aimed SIR determination part 111 of group 
specification data as information on the new group con- 
stitution. 

[0093] The aimed SIR determination part 111 regu- 
lates the aimed SIR of each specified group with the 
group specification data from the group setting part 108 
and the communication quality data from the quality 
measurement part 107. In the regulation process of the 
aimed SIR, the mean value of the communication qual- 
ities of the channel 3, channel 4 and channel 6 belong- 
ing to the group 1 is 5.27 x 10" 3 . In case that FER 
desired for all channels is 1 x 10" 3 , because the mean 
value of the communication qualities is more than the 
desired value, the aimed SIR is increased to 7.0 dB. 
[0094] Besides, because the mean value of the com- 
munication qualities of the channel 2 and channel 5 
belonging to the group 2 is 7.75 x 10" 3 more than the 
desired value 1 x 10" 3 , the aimed SIR is increased by 
7.5 dB. By increasing the aimed SIR and increasing the 
transmission power of reverse link to more than the pre- 
vious one, a desired communication quality can be sat- 
isfied. 

[0095] Besides, because the communication quality of 
the channel 1 belonging to the group 3 is 7.0 x 10~ 4 less 
than the desired value 1 x 10~ 3 , the aimed SIR is 



decreased to 6.0 dB. By decreasing the aimed SIR, an 
excessive supply of transmission power in reverse link 
can be prevented. 

[0096] The aimed SIR determination part 1 1 1 notifies 

s the respective modem cards md to mc6 corresponding 
to the six channels of the aimed SIRs. The group setting 
part 108 notifies the modem cards md to mc6 of the 
channel numbers to add TPC bits. 
[0097] As a result of this example, the first connection 

10 becomes the channel 3 in the group 1 , the channel 2 in 
the group 2, and the channel 1 in the group 1 . In the first 
connection, pilot bits, TPC bits and the channel number 
to add the TPC bits are added to data to transmit. The 
transmission signal from the base station is transmitted 

15 in such a format as shown in Fig. 9. 

[0098] Next, a transmission power control system and 
a transmission power control method in CDMA system 
according to the second embodiment of the present 
invention will be described. The construction of the 

20 transmission power control system in CDMA system 
according to this embodiment is the same as that of the 
above-described first embodiment. 
[0099] Figs. 10 and 11 show operations of the trans- 
mission power control system in CDMA system accord- 

25 ing to the second embodiment. In comparison with the 
operations described in the first embodiment, the oper- 
ations in this embodiment differ only in the process con- 
tent by the group division process means 1 1 0 in Fig. 1 . 
The group combination process shown in Fig. 10 is the 

30 same as the process shown in Fig. 5. 

[01 00] Referring to Fig. 1 1 , in the group division proc- 
ess in this embodiment, at first, a group (the group 
number m = 1) as a base is set (step S301), and the 
maximum value Fmax and minimum value Fmin of the 

35 communication qualities corresponding to the channels 
belonging to the group 1 are examined (step S302). In 
this embodiment, FER is applied to the communication 
quality like the first embodiment. 

[01 01 ] Next, it is judged whether or not the difference 

40 between the maximum value Fmax and minimum value 
Fmin of the communication qualities (FER) is not less 
than a predetermined threshold value R3 (step S303). 
In the step S303, when the difference between the max- 
imum value Fmax and minimum value Fmin of the com- 

45 munication qualities is not less than the threshold value 
R3, the channels giving the communication qualities 
more than the mean value of the maximum value Fmax 
and minimum value Fmin are eliminated from the group 
1 and classified into a newly set group (step S304). In 

so the step S304, the newly set group is given the group 
number Nmax + 1 . At the same time, the number Nmax 
of total groups is increased by one (step S305). 
[01 02] In the step S303, when the difference between 
the maximum value Fmax and minimum value Fmin of 

55 the communication qualities is equal to or less than the 
threshold value R3, a process on and after a step S306 
are carried out. 

[0103] Next, the base group number m is compared 
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with the number Nmax of total groups (step S306). In 
the step S306, when the base group number m is equal 
to the number Nmax of total groups, the group division 
process is completed. 

[01 04] When the base group number m is not equal to 
the number Nmax of total groups, the base group 
number m is increased by one (step S307) and then the 
above steps S302 to S306 are repeated. 
[0105] In the above group division process, a mean 
value is calculated from the maximum value Fmax and 
minimum value Fmin of the communication qualities 
(communication quality data) in a specified group. Next, 
it is a process that the channels giving communication 
qualities more than the mean value are divided from 
among a plurality of channels into a newly set group 
when the difference between the maximum value Fmax 
and minimum value Fmin is more than a predetermined 
third threshold value. By carrying out the group division 
process to all groups, each group can be constituted by 
channels that the difference in communication quality 
after diversity synthesis is little. 

[0106] Next, the second embodiment of the present 
invention will be described in detail with reference to an 
example. Referring to Fig. 1, it is supposed that the 
mobile station 101 performs multi-code transmissions 
through six channels (channel 1 , channel 2, channel 3, 
channel 4, channel 5 and channel 6) between it and the 
base station 102. At present, it is supposed that the six 
channels are classified into three groups. The constitu- 
tion of groups is group 1 = {channel 1 , channel 4 and 
channel 6), group 2 = {channel 3}, and group 3 = {chan- 
nel 2 and channel 5}. The respective modem cards md 
to mc6 corresponding to the six channels demodulate 
amplification signals from the amplification part 1 06 to 
output demodulated amplification signals. Next, the 
respective diversity hand-over trunks dhtl to dht6 corre- 
sponding to the six channels carry out diversity synthe- 
sis processes corresponding to the six channels to 
output diversity synthesis data. The quality measure- 
ment part measures communication qualities in 
response to the respective diversity synthesis data cor- 
responding to the six channels, to output communica- 
tion quality data. Also in this example, FER is applied as 
the communication quality. 

[01 07] Fig. 8 shows a setting preparation table for giv- 
ing the communication qualities (FER) corresponding to 
the six channels, respectively, and aimed SIRs at 
present. The group setting part 1 08 carries out a classi- 
fication to the six channels with the aimed SIRs at 
present and the communication qualities (communica- 
tion quality data). 

[0108] Referring to the setting preparation table 
shown in Fig. 8 and Figs. 10 and 1 1, at first, for carrying 
out a group combination process, the aimed SIRs in the 
groups 1 to 3 are compared (step S203). In the step 
S203, because the difference between the aimed SIRs 
of the groups 1 and 2 is 0.2 dB that is less than the 
threshold value R1 (= 0.5 dB as a supposition), the 



groups 1 and 2 are combined (step S204). By the group 
combination process, the constitution of groups is 
renewed to group 1 = {channel 1, channel 3, channel 4 
and channel 6} and group 2 = {channel 2 and channel 
5 5}. 

[01 09] Next, a group division process is carried out. At 
first, the maximum value Fmax and minimum value 
Fmin are examined from the communication qualities of 
the channels belonging to each of the groups 1 and 2 

w (step S302). 

[01 10] Observing first the group 1 , the maximum value 
Fmax is -22.0 dB and the minimum value Fmin is -31 .55 
dB. Because the difference between the maximum 
value Fmax and minimum value Fmin is 9.5 dB more 

15 than the threshold value R3 (= 5 dB), "channel 1" giving 
a communication quality less than the mean value - 
24.56 dB is eliminated from the group 1 and a new 
group 3 is set. By the group division process based on 
the group 1, the constitution of groups is renewed to 

20 group 1 = {channel 3, channel 4 and channel 6} group 2 
= {channel 2 and channel 5} and group 3 = {channel 1}. 
[0111] Observing next the group 2, the maximum 
value Fmax is -20.97 dB and the minimum value Fmin is 
-21.25 dB. Because the difference between the maxi- 

25 mum value Fmax and minimum value Fmin is 0.28 dB 
less than the threshold value R3 (= 5 dB), no division 
process of the group is carried out. 
[0112] By the above, the group division process is 
completed. The result of the process in this example of 

30 the second embodiment becomes the same group set- 
ting as that in the example of the first embodiment. 
[01 1 3] As described above in detail with reference to 
two preferred embodiments, a transmission power con- 
trol system and a transmission power control method in 

35 code division multiple access system according to the 
present invention make it possible to control the aimed 
SIR in order that all channels are of a predetermined 
communication quality even when there is a difference 
in communication quality in each channel in a multi- 

40 code transmission between a mobile station and a base 
station. 

Claims 

45 1 . A transmission power control system in code divi- 
sion multiple access system comprising: 

at least one base station for measuring the sig- 
nal to interference ratio (SIR) of a received sig- 

50 nal corresponding to each of a plurality of 

channels established between said base sta- 
tion and a mobile station, and determining a bit 
pattern for transmission power control for each 
of groups specified to said plurality of channels 

55 on the basis of an aimed SIR and said meas- 

ured SIR; and 

a base station control apparatus for determin- 
ing said aimed SIR on the basis of data giving 
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groups specified to said plurality of channels 
and the communication quality corresponding 
to each of said channels, and instructing to said 
base station. 

5 

2. The transmission power control system in code 
division multiple access system according to claim 
1 , wherein said specified groups are determined on 
the basis of the communication quality correspond- 
ing to each of said channels. 10 

3. The transmission power control system in code 
division multiple access system according to claim 7. 
1, wherein said bit pattern is determined in 
response to a bit pattern addition command, which 15 

is instructed by said base station control apparatus, 
giving a channel number to add said bit pattern in a 
plurality of channels established between said base 
station and a mobile station. 

20 

4. A transmission power control system in code divi- 
sion multiple access system comprising: 

at least one base station for measuring the sig- 
nal to interference ratio (SIR) of a received sig- 25 
nal corresponding to each of a plurality of 
channels established between said base sta- 
tion and a mobile station, and determining a bit 
pattern for transmission power control for each 
of groups specified to said plurality of channels 30 
on the basis of an aimed SIR and said meas- 
ured SIR in response to a bit pattern addition 
command; and 

a base station control apparatus for performing 
a diversity synthesis process corresponding to 35 
each of said channels for measuring the com- 
munication quality of each of said channels, 
and for outputting said bit pattern addition com- 8. 
mand giving a channel number to add said bit 
pattern, and said aimed SIR determined on the 40 
basis of group specification data, having been 
determined by the communication quality cor- 
responding to each of said channels, giving 
said specified groups. 

45 

5. The transmission power control system in code 
division multiple access system according to claim 
4, said base station further comprising: 

a modem card part for calculating said meas- so 
ured SIR corresponding to each of said chan- 
nels, and determining said bit pattern on the 
basis of said measured SIR and said aimed 
SIR in response to said bit pattern addition 
command. 55 

6. The transmission power control system in code 
division multiple access system according to claim 



5, said modem card part further comprising: 

a pattern determination part for determining 
said bit pattern on the basis of said measured 
SIR and said aimed SIR in response to said bit 
pattern addition command; and 
a frame generation part for adding said deter- 
mined bit pattern, pilot bits for frame synchro- 
nism establishment process, and said channel 
number given by said bit pattern addition com- 
mand to data bits. 

The transmission power control system in code 
division multiple access system according to claim 
4, said base station control apparatus further com- 
prising: 

a diversity hand-over trunk part corresponding 
to each of said channels for carrying out the 
diversity synthesis process corresponding to 
each of said channels, and outputting diversity 
synthesis data; 

a quality measurement part for measuring and 
outputting communication quality data giving 
the communication quality corresponding to 
each of said channels in response to said 
diversity synthesis data; 
a group setting part for determining and output- 
ting said group specification data and said bit 
pattern addition command in response to said 
aimed SIR and said communication quality 
data; and 

an aimed SIR determination part for determin- 
ing said aimed SIR in response to said commu- 
nication quality data and said group 
specification data. 

The transmission power control system in code 
division multiple access system according to claim 
7, said group setting part further comprising: 

group combination means for combining two 
groups arbitrarily selected from among said 
specified groups when the absolute value of 
the difference between said aimed SIRs of said 
two groups is less than a predetermined first 
threshold value; and 

group division means for calculating a mean 
value from values of said communication qual- 
ity data in said specified groups, and dividing 
the channels giving said communication quality 
data from said channels into a newly set group 
when the absolute value of the difference 
between the values of said communication 
quality data in said specified groups and said 
mean value is more than a predetermined sec- 
ond threshold value. 
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9. The transmission power control system in code 
division multiple access system according to claim 
7, said group setting part further comprising: 

group combination means for combining two 
groups arbitrarily selected from among said 
specified groups when the absolute value of 
the difference between said aimed SIRs of said 
two groups is less than a predetermined first 
threshold value; and 

group division means for calculating a mean 
value from the maximum value and minimum 
value of said communication quality data in 
said specified groups, and dividing the chan- 
nels giving said communication quality data 
higher than said mean value from said chan- 
nels into a newly set group when the difference 
between said maximum value and said mini- 
mum value is more than a predetermined third 
threshold value. 

10. A transmission power control method in code divi- 
sion multiple access system comprising: 

(A) measuring a signal to interference ratio 
(SIR) of a received signal, at a base station, 
corresponding to each of a plurality of channels 
established between at least one base station 
and a mobile station; 

(B) generating, at a base station control appa- 
ratus, a bit pattern addition command giving a 
channel number to add a bit pattern for trans- 
mission power control to each of the specified 
groups to said channels, and an aimed SIR 
being set every group based on group specifi- 
cation data showing said specified groups; and 

(C) determining, at the base station, said bit 
pattern on the basis of said aimed SIR and said 
measured SIR in response to said bit pattern 
addition command. 

11. The transmission power control method in code 
division multiple access system according to claim 
10, said step (B) comprising: 

carrying out a diversity synthesis process, and 
outputting diversity synthesis data; 
generating communication quality data giving 
the communication qualities corresponding to 
said channels in response to said diversity syn- 
thesis data; 

outputting said group specification data and 
said bit pattern addition command in response 
to said aimed SIR and said communication 
quality data; and 

determining said aimed SIR corresponding to 
said specified groups in response to said com- 
munication quality data and said group specifi- 



cation data. 

12. The transmission power control method in code 
division multiple access system according to claim 

5 11, said step of outputting the group specification 

data and the bit pattern addition command compris- 
ing: 

combining two groups arbitrarily selected from 
10 among said specified groups when the abso- 

lute value of the difference between said aimed 
SIRs of said two groups is less than a predeter- 
mined first threshold value; and 
calculating a mean value from values of said 
is communication quality data in said specified 

groups, and dividing the channels giving said 
communication quality data from said channels 
into a newly set group when the absolute value 
of the difference between the values of said 
20 communication quality data in said specified 

groups and said mean value is more than a 
predetermined second threshold value. 

13. The transmission power control method in code 
25 division multiple access system according to claim 

1 1 , said step of outputting the group specification 
data and the bit pattern addition command compris- 
ing: 

30 combining two groups arbitrarily selected from 

among said specified groups when the abso- 
lute value of the difference between said aimed 
SIRs of said two groups is less than a predeter- 
mined first threshold value; and 

35 calculating a mean value from the maximum 

value and minimum value of said communica- 
tion quality data in said specified groups, and 
dividing the channels giving said communica- 
tion quality data higher than said mean value 

40 from said channels into a newly set group when 

the difference between said maximum value 
and said minimum value is more than a prede- 
termined third threshold value. 

45 14. The transmission power control method in code 
division multiple access system according to claim 
10, said step (C) comprising: 

determining said bit pattern on the basis of said 
so measured SIR and said aimed SIR in response 

to said bit pattern addition command; and 
adding said determined bit pattern, pilot bits for 
frame synchronism establishment process, and 
said channel number in response to said deter- 
55 mined bit pattern and said channel number. 
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Fig. 11 
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